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Purpose of the exercises
The overall objective of the exercises are to provide practical knowledge of the cross section
surveying and analysis, terrain modelling required for river basin planning. In addition, during the
semester they get acquainted with the practical application of IT technology is also used to
describe the use of river basin modelling for drainage and aggregation. The exercises will guide
the students to understand the importance of soil compaction in water management, and will
interpret one of the most common soil moisture measurement technique, required for proper
irrigation of an agricultural site.
The following exercises are included:
1. Channel cross-section survey by levelling
2. Survey of the micro relief of a site
3. Mapping of flow direction and sink based on digital elevation model
4. Measurement of soil compaction
5. Soil moisture measurement - tensiometer
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1. Channel cross-section survey by levelling
Purpose of the exercise:
This exercise is produced to assist the surveyor trainees understand the basics of surveying
using a level instrument particularly the dumpy level. Stream channel analysis seeks primarily
to quantify the bankfull channel in relation to it associated channel forming flow. To do this
we need to know the size of the channel, (i.e. its cross sectional area), which determines how
much water the channel can contain. We also need to know the slope of the channel, which
largely determines how fast the water flows.
Required knowledge:
Cross sections are lines of levels or short profiles made perpendicular to the centre line of the
channel (Figure 1.). (For example, taking a cross section profile of a channel while doing a
profile survey of the stream.)

Figure 1. Cross sections on a channel
Cross sections are usually taken at regular intervals and at sudden changes in the centre-line
profile. In the case of natural streams one need to measure, at least six different cross sections
along the reach to calculate an average cross sectional area. You should choose cross sections
that are very different in shape (Pen et al. 2001). In the case of artificial channels it is
sufficient to choose some most representative cross sections of the channel.
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Self-levelling Level - is an optical level used to measure elevations, horizontal angles and
distances. It is one of the most frequently used instruments in the field office. It is used for
performing bench level circuits, topographic surveys, cross-sections, profiles and construction
layout/checkout. It automatically levels its line of site. It is simple, precise and quick. It is the
most versatile survey instrument in the field office.
Preparations Make sure you take the following equipment to the field:
1. Dumpy level provided with a horizontal circle (Figure 2);

Figure 2. Dumpy level (Nikon AE-7 (30x))
2. The tripod belonging to the level instrument;
3. Measuring tape (30 m);
4. Ranging rods;
5. Benchmark at the site
6. Preferably 2 levelling staffs;
7. A change plate;
8. A panga and a spade.
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Cross-Section Instructions
1. Setup the surveying instrument in a location where the entire cross-section can be viewed.
The instrument should be placed at an elevation higher than the highest feature required for
the survey. Ideally, only one instrument setup will be required to survey the entire crosssection; however, determining the width of the flood-prone area may require multiple
instrument setups due to dense foliage. In this exercise, you will use dumpy level. The
telescope of the dumpy level is rigidly attached to the vertical spindle, the levelling of the
instrument is done by means of three foot screws separating two plates. The upper plate
with the vertical spindle on which the telescope and bubble tube are mounted has to be
levelled (=set horizontal) with the foot screws.
Setting up: After ensuring that the instrument is firmly secured to the legs of the tripod
and that the legs and fittings are not loose, set up the instrument by spreading the legs
evenly at a comfortable and safe angle, thrusting two legs firmly home in the ground.
Take the third leg and move it with the foot on the ground, until the instrument is as
level as possible. Slide the leg in towards the instrument (5 – 10 cm) and press the third
leg hard into the ground.
Levelling up: Commencing with the telescope and bubble parallel with one pair of
screws, bring the bubble to the centre of its run by equal opposite and simultaneous
movement of both screws. Turn the telescope through 90° to position 2, and centre the
bubble using only the one screw beneath the telescope, see Figure Ib. Repeat this
process, with the telescope pointing in the same direction for the same position, until no
further adjustment is required.
Taking reading: The person at the Level rotates the telescope until the central line/cross
hairs are lined up with the staff; you may need to focus the eyepiece first to see the
cross hairs then the telescope focus to see the numbers on the staff; use the fine
adjustment to be perfectly lined-up. When looking through the telescope, you take the
reading where the central or stadial cross hairs meet, to the nearest centimetre. For
example in the Figure 3. the reading would be 1.42m.
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Figure 3. The staff and cross hairs
2. Find the benchmark on the site based on the topographic map or a field book. Bench Marks
have the nasty habit to get completely removed, completely buried or partly destroyed.
Retracing is very difficult when the exact position is not known.
3. The collimation method is also known as the "height of instrument" method. Throughout
the field work the instrument height is always known by taking the first sight on a. paint of
known (or assumed) level (Ndungu, 2004). At anytime therefore, the level of a point can
be quickly worked out by subtracting its staff reading from the level of the instrument
(instrument height). The method is convenient for obtaining the levels of many points from
one setup. Thus the first point of reading should always be of known level, preferably a
Bench Mark. The reading of the B.M is booked on the first line in the back sight column as
this is the point of known level. Backsight (BS) a benchmark or permanent feature used for
relocation or resurvey of cross-section.
4. Calculate Height of Instrument (HI); HI = BS + Elevation (known or relative).
5. Stretch the tape across the channel (zero on left bank) making sure the tape is
perpendicular to the bankfull discharge flow – not the baseflow.
6. While keeping the tape measure stretched out (use the ranging rods), take the staff and
obtain rod readings (Fore-Sights) at regular breaks in bed elevation and key features, such
as left bankfull (LBKF), left edge water (LEW), Thalweg (THL), right edge water (REW)
and right bankfull (RBKF). Record all data in the appropriate forms (Annex I.). Make sure
your staff man holds the staff vertical. This can be done with the aid of a vertical bubble
fixed to the staff or by means of moving the staff very slowly forward and backward over
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its vertical position. Make sure your staff man uses fixed change points or a change plate.
Try to keep your back sights and the first fore sights of roughly equal length. Each time
you will have to rotate the telescope, sight on the staff in its new location, focus and
carefully take the reading, always check twice that you have read the number correctly
7. Record the distance on the stationing tape, the corresponding rod height and feature notes
in the cross-section forms (Annex I.)
8. Calculate the elevation of the cross section points by subtracting foresight or intermediate
sight from HI. This gives you the 'real' height of the ground at the base of the staff.
9. Plot cross-section in excel (an example: Figure 4).

Figure 4. An example for cross section
It is also possible to calculate the depth of the water. Also measure the vertical drop to the water’s
surface. This is most easily done at the existing water’s edge. At each point call out the drop and
the distance along the tape measure.
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2. Survey of the micro relief a site
Purpose of the exercise:
Students is acquainted with the application of conventional terrain surveying technique. The aim
of the exercise is to introduce an easy to use, cheap method for micro relief survey, which is
important from amelioration and irrigation point of view.
Required knowledge:
A variety of survey methods can be used to develop the terrain model for a given project area. The
technique employed is a function of the type of survey equipment, the detail required, and
specified elevation accuracy. In addition, the surveying technique depend on whether. For larger
scale traditional contour map based DEM or a remote sensing (e.g. SRTM, ASTER, or other radar
data) based digital terrain model (DTM) are available for surface modelling. For smaller scale
LIDAR technology is the most novel way for 3D surveying. Though there is still a vital need for
conventional micro relief surveying technique, using levelling.
Preparations Make sure you take the following equipment to the field:
1. Dumpy level provided with a horizontal circle
2. The tripod belonging to the level instrument;
3. Measuring tape (30 m);
4. 2 double prisms (Figure 5)

Figure 5. Double prism
5. Ranging rods (at least 36);
6. Benchmark at the site
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7. Preferably 2 levelling staffs;
8. A change plate.
Setting the points at the site
1. Choose a site to survey (pasture site behind the institute).
2. Create a plan for the survey, plan (e.g. 36) points in rectangular net structure in equal
distance as figure 6 show below ( blue circles are representing the points set by ranging
rods. Number the points from 1

Figure 6. the plan for the micro relief survey
3. set the 36 points. To do it, set the first and the 6th point defining the base line. Set the
remaining 4 point on the baseline.
4. Setting out perpendicular lines with a prism. Once the baseline has been fixed two
perpendicular lines should be staked out from point 3and 4. To get the perpendiculars on the
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baseline, a prism may be used which should be sighted in on 2 rods on the baseline after which
the 3rd rod can be sighted in on a perpendicular line, see Figure 7.

Figure 7. Setting out perpendicular lines with a prism
5. On the perpendiculars set the remaining 5-5 points,
6. than the existing pairs of points set the remaining 20 points.
Using GPS is also an option to identify the points which were surveyed. By defining the GPS
coordinates, micro relief can be displayed in spatially, overlapping on other layers, ortho images
or even on Google Earth.
Levelling instruction
1. Follow the first 4 points of cross section instruction in exercise 1.
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2. Define the height of the instrument
3. Read and note the foresights of the points.
4. Calculate point elevation
Creating digital elevation model in Surfer software environment.
1. Create de basic data table in excel.
a. Type coordinate X to column A,
b. Type coordinate Y to column B,
If you do not have GPS coordinate, you can place your elevation data to a simple
coordinate system, by giving the distances from axis X and Y (e.g. if the distance
between the points is 5m the coordinates of the 1. point given in Figure 6 is X: 5m;
Y:30m, while 36th point is X: 30m; Y: 5 m).
c. Type elevation data to column C
d. save the excel file
2. Open the Surfer programme and first so called grid file will be created. Click tab ‘Grid’ in
the menu and select ‘Data’ option. ‘Open Data’ window appears. Here select the excel file
has been created. Grid data window will appear (Figure 8).

Figure 8. Grid Data Window
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Here you can select Column A as X, column B as Y, and Column c as Z. Put a tick into
grid report. Gridding method should be krigging (though there are several other
algorithms, but for DEM, kriging is the most appropriate). In grid line geometry one can
adjust the spatial resolution of the grid. Save your grid by clicking OK. A Grid report will
appear, in which very detailed descriptive statistics data of the site are available.
3. Creating contour map. Use the grid you have created. Select Map -> New -> Contour map
(Figure 9). Select your grid file and press OK.

Figure 9 Creating contour map
The map appears. There are an object manager and property manager on the left hand side
of the software window. In the property manager you can adjust the layer which is selected
in the object manager window. Select the contour grid in the object manager window. Now
in the property manager, you can adjust the iso-lines fill colours, you can add colour scale
to your map or scale bar. Your map should looks like in Figure 10.
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Figure 10. Contour map of the site
Creating 3 dimensional surface map. Use the grid you have created. Select Map -> New ->
3D surface (Figure 9). Select your grid file and press OK. The map appears. Use the object
manager and property manager to adjust the map. You can use ‘track ball’ function from
the icon list to move your map to give aspect to it. Your map should looks like in Figure
11.

Figure 11. 3 dimensional surface map of the site
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3. Mapping of flow direction and sink based on digital elevation model
Purpose of the exercise:
In plain sites, especially in the case of clay soils, it is very important to delineate that sites which
has no horizontal drainage, thus can give a place for the occurrence for surplus water. Surplus
water can cause a very severe problem mainly in agriculture, but depending on the extent of it,
have a potential hazard for urbanized sites in rural area. By identifying these sink sites, the
management of surplus water drainage or the management of water retention can be improved. To
create an accurate mapping of sinks a digital elevation model (DEM) of the site is required, and
based on the DEM students will learn how to calculate a flow direction and accumulated flow,
which is best to use for sink calculation.
Required knowledge:
In this exercise you will work in ArcGIS software environment. Your basic data vill be an
elevation data from a part of the Hungarian Great Plain. In the modelling process you will
calculate flow directions first, then sink function will be used to identify sites affected by possible
surplus water cover. One of the keys to deriving hydrologic characteristics of a surface is the
ability to determine the direction of flow from every cell in the raster. This is done with the Flow
Direction tool in ArcGIS. This tool takes a surface as input and outputs a raster showing the
direction of flow out of each cell. If the Output drop raster option is chosen, an output raster is
created showing a ratio of the maximum change in elevation from each cell along the direction of
flow to the path length between centres of cells and is expressed in percentages. If the Force all
edge cells to flow outward option is chosen, all cells at the edge of the surface raster will flow
outward from the surface raster.
There are eight valid output directions relating to the eight adjacent cells into which flow could
travel. This approach is commonly referred to as an eight-direction (D8) flow model and follows
an approach presented in Jenson and Domingue (1988). The direction of flow is determined by the
direction of steepest descent, or maximum drop, from each cell. This is calculated as follows:
maximum_drop = change_in_z-value / distance * 100
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The distance is calculated between cell centres. Therefore, if the cell size is 1, the distance
between two orthogonal cells is 1, and the distance between two diagonal cells is 1.414 (the square
root of 2). If the maximum descent to several cells is the same, the neighbourhood is enlarged
until the steepest descent is found. When a direction of steepest descent is found, the output cell is
coded with the value representing that direction.
If all neighbours are higher than the processing cell, it will be considered noise, be filled to the
lowest value of its neighbours, and have a flow direction toward this cell. However, if a one-cell
sink is next to the physical edge of the raster or has at least one NoData cell as a neighbour, it is
not filled due to insufficient neighbour information. To be considered a true one-cell sink, all
neighbour information must be present.
If two cells flow to each other, they are sinks and have an undefined flow direction. This method
of deriving flow direction from a digital elevation model (DEM) is presented in Jenson and
Domingue (1988).
Cells that are sinks can be identified using the Sink tool. To obtain an accurate representation of
flow direction across a surface, the sinks should be filled before using a flow direction raster
A sink is a cell or set of spatially connected cells whose flow direction cannot be assigned one of
the eight valid values in a flow direction raster. This can occur when all neighbouring cells are
higher than the processing cell or when two cells flow into each other, creating a two-cell loop.
The output of the Sink tool is an integer raster with each sink being assigned a unique value. Sinks
are numbered between one and the number of sinks.
1. Start ArcMap by clicking Start > All Programs > ArcGIS > ArcMap 10.
2. In Arc catalog sub-window, define the folder in which you will work. Right click on the
“folder connection” and select “Connect to folder” and identify the folder to work in.
3. Open “ArcToolbox” with the toolbox icon found in the first icon row of the software. In
the “ArcToolbox” Select “Spatial Analyst Tools/Hydrology”
4. Open “Flow Direction” function. For Input Raster surface select the provided digital
elevation model raster file. For Output Flow Direction give a name for your output raster.
Leave the others in default (do not put tick!). Your flow direction map has been created
and should similar than Figure 12.
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Figure 12. Flow direction map of the site
5. Next step is to create sink. In “ArcToolbox” Select “Spatial Analyst Tools/Hydrology”
Sink function. For “Input Flow Direction raster” select the flow direction map, you have
just created. Give name for your sink raster, write it to “Output raster” and click OK. Your
flow direction map has been created. Open the orhoimage which is provided, and display
sink data on the top of this layer (Figure 13.).
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Figure 13: Surplus water affected sites sites displayed in ortho image
6. Based on the DEM, the orthoimage and the map of surplus water affected sites, Display
your data in 3 dimension using ArcScene. Start ArcScene by clicking Start > All Programs
> ArcGIS > ArcScene. From the calaog, open the DEM and orhoimage provided and the
sink image created.
a. First the orthophoto and the sink of the examined site has to be added to the DEM.
In the table of contents, right-click on the othophoto layer and click Properties.
Click the Base Heights tab and select “Floating on custom surface” and adjust the
DEM. Repeat it with the sink data as well.
b. In order to emphasize the surface differences use 10 exaggeration factor. In the
table of contents, right-click Scene layers and click Scene Properties. Click the
General tab. Click the Vertical Exaggeration drop-down arrow and click a vertical
exaggeration factor. The vertical exaggeration factor is applied to the z-values of
all the data in the display. Select 10 and click OK. Similar to the following Figure
14. should be the result
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Figure 14. 3D surface of the site and the delineated site (red) with surplus water risk
.
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4. Measurement of soil compaction
Purpose of the exercise:
The exercise has been especially for measuring of the soil compaction due to inappropriate
cultivation and other agro technology. The information of compaction makes farmers possible to
spatially identify the compacted zones of the fields having bad infiltration, aeration, thus nutrient
supply and eventually result in yield loss.
Required knowledge:
Soil compaction occurs due to heavy machineries and bad agrotechnical practises when soil
particles are pressed together, reducing pore space between particles. Heavily compacted soils
contain few large pores, less total pore volume and, consequently, a greater density.
A compacted soil has a reduced rate of both water infiltration and drainage. This happens because
large pores more effectively move water downward through the soil than smaller pores.
In addition, the exchange of gases slows down in compacted soils, causing an increase in the
likelihood of aeration-related problems. Finally, while soil compaction increases soil strength –
the ability of soil to resist being moved by an applied force – a compacted soil also means roots
must exert greater force to penetrate the compacted layer. Soil compaction changes pore space
size, distribution and soil strength. One way to quantify the change is by measuring the bulk
density. As the pore space decreases within a soil, the bulk density increases. Soils with a higher
percentage of clay and silt, which naturally have more pore space, have a lower bulk density than
sandier soils. Another way of measuring the soil compaction is to measure the resistance of soil
against penetration by measuring the applied pressure for the penetration. An effective equipment
for this are the penetrometer and penetrologger. In this exercise you will measure the soil
compaction with the Eijkelkamp penetrologger (Figure 15).
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Figure 15. Eijkelkamp penetrologger
1. Select a type of cone. As a rule a 1 cm2 - and a 60° - top angle cone is used in soil research. Too
large a cone may lead to exceeding the maximum penetration force of the penetrologger. Too
small a cone may yield inaccurate measurement data as only a minor impact is measured.
2. Attach the probing rod and screw the cone onto it. Use the tools to tighten and loosen the parts.
Click the probing rod with quick coupling onto the penetrologger and tighten the screw. As the
cones wear out it is recommended to check the dimensions before use with the conecheck. Should
the dimensions have fallen below the reject diameter the cones cannot be used for reliable
measurements. Cone ends that have become asymmetrical are unacceptable.
3. Connect the optional soil moisture sensor to the communication port of the penetrologger.
4. Switch on the penetrologger
5. Using the penetrologger to program the plan
a. Press key 1 to activate the penetrologger. The start menu window opens.
b. Adjust the contrast of the LCD screen using the cursor keys
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c. Select MENU to display the MAIN MENU. (Prior to programming of the plan a number of
parameter preferences are set. These values are automatically used during programming,
which is time-saving. In the process a number of penetrologger settings can be defined as
well.)
d. Key SET UP in the main menu. The system set menu pops up. Adjust the parameter
preferences and penetrologger settings in the SYSTEM SET MENU. Notice that the
preferences are set independently of the PenetroViewer. This demonstrates that in the
computer and the penetrologger different preferences can be set.
e. The penetrologger’s memory allows programming of only one single plan. If necessary
save the current plan on your PC. Prior to programming, erase the current plan by:
i. Clearing the penetrologger memory or
ii. Programming the plan on your PC, and sending it to the penetrologger
which automatically clears the penetrologger memory.
f. Select PLAN in the MAIN MENU. PLAN MENU pops up.
g. Select a project and a plot with ↑PROJ, ↓PROJ, ↑PLOT or ↓PLOT. In addition to a
previously defined project, a new, undefined project is standard available, which can be
identified by ‘NEW PROJECT” on the bottom line of the display. The project name
consists of a unique number, made up from year – month- day – serial number. Use this
new project to set up a new project. Select OK to set up the project. The EDIT PROJECT
submenu pops up.
h. To modify the project, change the items using EDIT. The PLAN MENU submenu pops up.
Use the cursor keys to alter the items in the PLAN MENU submenu. Press OK to save the
changes or MENU to cancel and to return to the SELECT. ITEM menu. Notice that only
the plot name in the selected plot can be changed. Define the prepared project with DEF. In
the display bottom line ‘PROJECT DEFINED’ pops up. In the definition process a final
copy of the project is stored. The number of plots and penetrations cannot be changed now!
Select OK or MENU to return to the SELECT PROJECT menu. Select MENU to return to
the MAIN MENU and to conclude programming.
6. Select Measr in the MAIN MENU. Select a required project from the MEASR MENU. The
project settings will be displayed. Select a project and choose OK. The measuring window
pops up. Measuring of the first plot of the selected project can take place.
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7. Place the depth reference plate on the ground surface. The raised edges should point
downwards. Place the penetrologger cone through the hole in the plate. Make sure to hold it
as vertical as possible with an aim to:
Prevent friction between the rod and the soil affecting the resistance to penetration.
Obtain a correct depth registration. The ultrasonic sensor measures the depth. The
ultrasonic signals transmitted by the sensor are reflected via the depth reference plate to the
sensor.
Therefore, the penetrologger gradient should not deviate over 3.5° from the vertical
position. For correct measurements with the ultrasonic sensor, we recommend standing
with your back against the wind on windy days (the noise of the wind can otherwise upset
the ultrasonic measurement).
8. Select START to begin measuring. If Moisture is Yes, then the penetrologger will indicate:
Place Thetaprobe and press Start. First a soil moisture percentage appears: ThetaProbe ...%
VOL. SAVE DATA?
If this is ok, press YES (percentage is saved).
Pressing again on START will start the measurement.
Select YES in response to the question whether the measurement must be saved
(measurement, GPS coordinates and any soil moisture percentage are saved), or NO if you do
not want to use the measurement and you want to perform it again.
9. Insert the penetrologger evenly and as vertically as possible, at a constant speed set in the
plan. At a recommended speed of 2cm/s the time needed to reach 80 cm will be 40 seconds.
Use the level on the penetrologger to check the vertical position of the penetrologger.
A speed indicator shows the deviation from the set speed (± 40 percent) on the display.
A downward deflection (to “S”) on the speed indicator means the insertion speed is too high.
Reduce pushing speed.
An upward deflection (to “L”) on the speed indicator means the insertion speed is too low.
Increase pushing speed.
A penetration speed exceeding the measuring limit (the logger starts beeping) will yield
unreliable values; therefore measuring should be terminated. Do not save these data.
In the bottom right-hand corner of the display the actual measuring values of the pressure (i.e.
the resistance to penetration) and depth are given.
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Should the sensor not receive the ultrasonic signals and consequently no accurate depth
measuring take place, the display will indicate ‘- - -‘ . Measuring should be terminated.
10. At a depth of 80 cm, measuring should be terminated. Select STOP to prematurely break off
measuring if the maximum depth is not possible or required. Select YES to confirm saving the
measurement (measurement, GPS coordinates and eventually percent soil moisture volume),
or NO not to save the measurement and to restart.
11. Processing the data Using the computer to read the results
a. To read the results, connect the penetrologger to the computer.
b. Select Read Data under Datalogger in the menu bar. All measuring data (only of the
measurements that have been carried out) will be read by the computer. A transient
window displays the following information:
a. Logger language
b. Number of projects def.
c. Max. number of penetrations
d. Number of penetrations carried out
e. Reserved penetrations
c. After the computer has read the data for each defined project, a file will be created with the
extension ‘pen’. For each project a window opens and a file name and directory should be
selected.
d. Finally, switch off the penetrologger, remove the communication cable, and re-attach the
protecting cap to the port.
12. The measuring data can be viewed in the PenetroViewer. They are graphically or
numerically displayed per project. The project files can be edited in a spreadsheet. Select
Open under Project in the menu bar. Select the required ‘pen’-file (project) from the
directory. Click Select to open the file.
13. For a graphical display of the results the following options are available (see figure 16):
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Figure 16. Eijkelkamp penetroviewer
a. Standard all measurements (penetrations) of the plot are displayed. Clicking a coloured
square next to the graph will hide or re-select a measurement.
b. Clicking the key Previous or Next in the bottom right-hand corner, or under Plot in the
menu bar will display the results of the previous or next plot in the project.
c. The Average key displays the average measuring value of selected measurements.
Hence, if only three out of ten measurements have been selected (the remainder has
been de-selected by clicking the coloured squares) the average of those three
measurement will be determined. This is very useful in excluding unwanted
measurements. A standard deviation is displayed at every 10 cm of depth if the average
is determined of at least two measurements.
d. Clicking again on Average causes all the individual lines to be displayed again
e. The line style is selected at Line style under Plot in the menu bar. Select Line, Points or
Fat line.
f. Checking Grid under Plot in the menu bar activates the raster.
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g. The horizontal measuring line in the graph area is moved by dragging it up or down or
by clicking in empty space with the mouse (use the cursor keys if necessary). Next to
the graph area, under ‘DEPTH’ the depth (cm) which refers to the depth indicated by
the measuring line, is displayed. Under ‘PRESSURE’, which refers to the depth
indicated by the measuring line, the colour and numerical value (MPa) is displayed for
all the measurements of the plot.
h. Above the graph area, the CI value of the measurement concerned is given under Cone
index. The GPS coordinates are displayed under GPS Coor. And the soil moisture
percentage is displayed under Soil moisture.
13. External processing of measurements
a. Save the lists as a text file (ASCII) with extension ‘txt’. Select Save as text under Project in
the menu bar. The current, active measuring data (selected measurements or averages with
standard deviation) will be saved. Here measuring data is saved as resistance to penetration
in Megapascal. (To open a textfile in, for example, Excel: chose file, open, chose
delimited, chose Tab and Space as seperation mark and finish. Note: Only the data of the
active plot are stored.
b. The ‘.txt’ files can be read in a spreadsheet. The data are horizontally arranged. In up to a
maximum of 20 rows (max. 20 measurements per plot are possible) 81 columns with data
(0 – 80 cm depth) are presented.
c. Measuring data saved as ‘pen’ file, is stored as force (Newton). To convert the data to
resistance to penetration, for example with use of a spreadsheet, the following formula can
be used.
resistance to penetration in megapascal = Force (N) / S (cone surface in mm2)
14. Using the txt file and steps of exercise 1 and 2 for creating contour maps in surfer out of
MPa data, the soil compaction can be mapped in different depth in order to assess and
spatially identify compacted spots (i.g. Figure 17):
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Figure 17. Spatial distribution of soil density (soil penetration resistance *100kPa) and soil
moisture
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5. Soil moisture measurement - tensiometer
Purpose of the exercise:
During the irrigation season the tensiometers are enables to improve irrigation management by
accurately determining when water should be applied to maintain optimum crop growth and how
much water should be applied to avoid over-irrigating.
Required knowledge:
A tensiometer measures soil moisture. It is an instrument designed to measure the tension or
suction that plants' roots must exert to extract water from the soil. This tension is a direct measure
of the availability of water to a plant (Goodwin 2000).
Tensiometers may be used in any irrigated crop, however, it is with horticultural crops in
particular that they provide a suitable method to aid irrigation decisions. Tensiometers are most
useful when a crop's water requirements are high and when any stress due to water shortage is
likely to damage crop potential.
A tensiometer consists of an air tight, water filled tube with a porous ceramic tip at the bottom and
either a vacuum gauge at the top or a re-sealable rubber bung designed to insert a portable vacuum
meter (Figure 18).

Figure 18. ’SOILMOISTURE’ tensiometer, with vacuum gauge
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Tensiometers measure how tightly water is held to the soil particles and not how much water is
left in the soil. A sandy soil will reach a high tension sooner than a clay loam because sandy soils
cannot supply as much water to the plant and it is used up more quickly. Tensiometers do not
operate in dry soil because the pores in the ceramic tip drain and air is sucked in through them
breaking the vacuum seal between the soil and the gauge on top of the tensiometer (Goodwin
2000).
Installation Set tensiometers in two depths in the apple orchard.
1. Position tensiometer to the crop's root zone and the irrigation wetting pattern. Tensiometers
must be placed at approximately the midpoint of the main fibrous root system (where
irrigation water is sure to wet the soil) and at the bottom of the root zone (Figure 19).
Placement too deep in a shallow rooted crop will result in the crop being irrigated too late and
suffering water stress. Shallow placement in a deep rooted crop may result in excessive
irrigation and water logging of the deeper roots (Goodwin 2000).
2. Tensiometers are generally installed in selected sites for the duration of the irrigation season.
Before tensiometers are buried in the soil, the ceramic tip and tube must be placed in a
container of water for 24 hours to ensure that the tip is fully wet. Tensiometers must remain in
the container of water until installed.
3. Tensiometers are fragile, especially at the point where the ceramic tip is fixed to the tube. Air
leakage through the ceramic tip or around joints and seals results in bad even zero values!
4. During installation it is important to bore a straight hole to the desired depth in recently
irrigated soil. As good soil contact is essential, the last 5 cm of the augered installation hole
can be of slightly smaller diameter than the tip of the tensiometer. If the tensiometers are to be
installed in a larger hole, back filling must be carried out in such a way as to provide good soil
contact and also to prevent excess irrigation water running into the hole. Be aware, that bad
bad soil contact with the tip result in inappropriate measures or even zero values!
5. Hilling up soil around the tensiometer will help prevent ponding around the tensiometer and
preferential flow down the backfilled hole. Usually a tensiometer installed in moist soil can be
measured 24 hours later.
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6. In the soil the ceramic tip of the tensiometer allows water to move freely in or out of the tube.
As the soil dries out, water is sucked out through the porous ceramic tip, creating a partial
vacuum inside the tensiometer which is read on the vacuum gauge. When the soil is wetted by
sufficient rainfall or irrigation, water flows back into the tensiometer, the vacuum decreases
and the gauge reading is lowered. If the soil is continuously saturated, readings remain zero.
7. Vacuum gauges are normally calibrated in kilopascals (from 0 to 100 kPa). Tensiometers
operate successfully up to approximately pF 3 ~ 75 kPa. A reading of 0 kPa indicates
saturated soil in which plants will suffer from lack of oxygen. Optimum plant growth occurs
when the soil is kept wetter than 30 to 40 kPa for coarse textured soils (sands) and 50 to 60
kPa for medium-textured and heavy-textured soils. Readings in excess of 70 kPa indicate that
the soil is dry enough to reduce growth (Goodwin 2000).

Figure 19: Tensiometers at 40 and 80 cm depth in an apple orchard (Nagy et al., 2011)
8. Tensiometers need regular attention, seals should be checked periodically. Some air does
enter through the ceramic tip and sometimes through joins, particularly at high tension. At
each reading the water level in the tensiometer must be checked; when air occupies the top 20
- 40 mm of the tensiometer, water must be added. Ideally tensiometers are refilled after each
measurement (Goodwin 2000).
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9. All tensiometers must be marked clearly to avoid damage from traffic, workers and
cultivation.
10. Read daily the tensiometer values for at least two weeks. The soil water tensions can be
calculated to pF as well values will vary between pF 0 and 3 (i.e. Figure 20).

Figure 20. The pF changes in 2 depths (Nagy et al., 2011)
11. Check the changes! What resulted the changes (weather factors, irrigation)?
12. Daily water tension measurements could also be monitored. The changes should register in
every 30th minutes. Both in the 40 and 70 cm depth there will be measurable changes in pF,
so the soils possess a daily fluctuation of soil moisture, however the changes become more
moderate in deeper layers. Due to the decreasing evaporation intensity, in shallow
tensiometers, which is in the middle of root zone the pF values will drop markedly from the
evening hours, which means amount of soil water content was growing. Then the pF will
increase from dawn and reaches its maximum in the early afternoon due to the more and more
intensive water consumption, evapotranspiration of the vegetation, and increased evaporation
of soils. These results represent the suction effect of the apple trees at daytime and the
horizontal and capillary water support in soils at night. (This is valid in no precipitation and
no irrigation).
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Adjustments in how much irrigation to apply can be made by monitoring the bottom of the root
zone. The deeper tensiometer at the bottom of the root zone allows you to determine if too much
(never reads above 15 kPa) or too little water (continues to rise) is applied at each irrigation
(Goodwin 2000). Tensiometers can also be used to determine the effectiveness of rainfall, and
help in problem solving where run-off, water logging or poor water distribution occur. In areas
where supplementary irrigation is used, tensiometer readings will assist to determine when and
how much to irrigate, without wasting a precious storage (Goodwin 2000).
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Annex I. Form to record cross-section and/or terrain notes
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